dependent mechanism (5, 6) .
We have previously reported the use of a recombinant
Li-Fraumeni syndrome (LFS) is an autosomal dominant nonreplicating adenovirus type 5, Ad5HCMVsp1lacZ, disorder characterized by a predisposition to a variety of expressing the lacZ gene under control of the human cancers (8) . Germline transmission of mutant p53 alleles has cytomegalovirus (HCMV) immediate early promoter to been implicated in LFS (9). Mutations in p53 are the most assess repair of a UV-damaged reporter gene in UV and common genetic alterations in human cancers (10) . Loss of heat shock (HS) treated cells. Heat shock and UV-enhanced the wildtype allele contributes to both tumorigenesis in LFS reactivation (HSER and UVER) of β-galactosidase (β-gal) individuals (11) and immortalization of LFS fibroblasts in activity for UV-irradiated Ad5HCMVsp1lacZ in normal culture (12). p53 accumulates in response to DNA damaging human fibroblasts involved the transcription coupled repair agents (13, 14) and is thought to protect cells from DNA (TCR) pathway. However, this inducible DNA repair damage induced malignant transformation through at least response was absent in p53 deficient tumour cell lines. In three defence mechanisms. Firstly, in response to DNA damorder to examine further the requirement for p53 in HSER aging agents, p53 mediates cell cycle arrest preventing replicaand UVER, we have examined host cell reactivation (HCR) tion of damaged DNA (14). Secondly, DNA damage can of the reporter construct in HS treated, UV treated and induce apoptosis through a p53 dependent pathway thus mock treated Li-Fraumeni syndrome (LFS) fibroblasts, eliminating cells with potentially mutagenic lesions (15). which are heterozygous for a p53 mutation, and immortalThirdly, p53 has been suggested to play both direct and indirect ized LFS cell sublines, which express only mutant p53.
roles in DNA repair (16-18). Deficiencies in any or all of HCR of β-gal activity for UV-irradiated Ad5HCMVsp1lacZ these cellular responses to DNA damage may contribute to was normal in all LFS cells examined. However, HCR of genetic instability associated with tumorigenesis.
β-gal activity for UV-irradiated Ad5HCMVsp1lacZ was
In addition to its stabilization in response to DNA damaging elevated by pretreatment of cells with either UV or HS in agents, p53 accumulates in the nucleus in response to HS and normal diploid human fibroblasts, but not in LFS cells.
other elicitors of the HS response (19). Heat inducible HSP72 LFS cells appear to be deficient in an inducible pathway accumulates in association with p53 following treatment of which stimulates repair of the reporter gene. These results cells with UV (20,21) and both HS and HSP 72 overexpression support a role for p53 in a HS and UV inducible DNA appear to stimulate cellular resistance to UV (22) (23) (24) . Furtherrepair response in human cells which is dependent on TCR.
more, HS enhances repair of a UV-damaged reporter gene in normal cells but not SV40 transformed fibroblasts or p53 deficient tumour cells (6) . Common signalling events in Introduction response to HS and UV may lead to cellular resistance to UV by stimulating DNA repair. UV-induced lesions were repaired through two interrelated
To examine further the role of p53 in UV and HS inducible nucleotide excision repair (NER*) pathways: transcription DNA repair, we have examined UVER and HSER of β-gal coupled repair (TCR) and bulk NER. TCR removes photoactivity for UV-irradiated Ad5HCMVsp1lacZ in two LFS lesions from the transcribed strand of active genes more fibroblast cell strains and two spontaneously immortalized rapidly than the remainder of the genome (1,2). Xeroderma LFS cell sublines. HCR of β-gal activity for UV-irradiated pigmentosum group C (XP-C) cells are TCR competent but Ad5HCMVsp1lacZ in LFS cells did not differ significantly lack bulk NER (3, 4) . We have demonstrated that host cell from HCR in normal fibroblasts. HCR of β-gal activity in LFS reactivation (HCR) of a lacZ reporter gene expressed from a cells was not stimulated by pretreatment of cells with UV or HS nonreplicating adenovirus type 5 construct was enhanced by whereas normal fibroblasts and lung epithelial cells exhibited UVER and HSER of the reporter gene (6, present study). genetic instability through decreased repair of active genes. fetal calf serum together with penicillin (100 µg/ml), streptomycin (100 µg/ ml) and amphotericin B (250 ng/ml) (Gibco BRL). Ad5HCMVsp1lacZ is a nonreplicating Ad5 derived virus expressing lacZ under control of the HCMV immediate early promoter. This construct expresses β-gal in most human cell types without replication of the virus (25). Virus was replicated and titred in human 293 cells (26) .
Materials and methods

Cells and virus
Enhanced reactivation of the reporter gene
Enhanced reactivation of the reporter gene was performed (6) . Briefly, cells were seeded in 96-well microtitre plates (Falcon, Lincoln Park, NJ) at a density of 1.9 ϫ 10 4 cells/well, 24 h prior to treatment. For HS treatment, PVC tape was used to seal dishes prior to submersion in a water bath (43 Ϯ 0.25°C). For UV treatment of cells, the medium was aspirated and replaced with 40 µl PBS (140 mM NaCl, 2.5 mM KCl, 10 mM Na 2 HPO 4 for a number of experiments on each cell line, is reported in Table II . OD 405 was determined at several times following addition of O-nitrophenol β-D-galactopyranoside (0.1% ONGP pH 7.5) using a 96-well plate reader (EL340, Biotek Instruments). Table I Table I , HCR of β-normal fibroblasts are presented in Figure 1A and D. Increased survival of β-gal activity was observed in HS or UV treated gal activity for UV-irradiated Ad5HCMVsp1lacZ in normal fibroblasts varied depending on cell strain examined. D o values normal diploid fibroblasts, as previously reported (5,6). However, increased HCR of β-gal activity was not observed in reported for LFS cells fall within the range for normal fibroblasts ( Table I ) and suggest that repair of the UV-damaged similarly treated LFS cells ( Figure 1B , C, E and F and Hanawalt reported a reduction in bulk DNA repair in LFS deficient LFS cells.
Clonogenic survival
cell lines, heterozygous and hemizygous for mutant p53 (18), Clonogenic survival which is consistent with work from other labs (16,29). Thus To ensure that the absence of UVER and HSER over the range it appears that both TCR and bulk NER are affected by p53. of HS and UV treatments examined was not the result of P53 is stabilized in response to stalled RNA polymerase II hypersensitivity to these treatments, we have evaluated the following UV or α-amanitin treatment (32) and accumulates clonogenic survival of 041mut and 087mut cells following in the nucleus following HS or UV (19). P53 binds three UV and HS treatments similar to those giving rise to HSER subunits of the transcription and repair factor TFIIH as well and UVER of β-gal activity in normal cells (6 and present as the CSB gene product required for TCR (17,33). The cyclin study). As reported by Ford and Hanawalt (18), UV survival dependent kinase-activating kinase, MO15, phosphorylates the of LFS cells lines was elevated compared to normal diploid C terminal domain of RNA pol II (34) (35) (36) and may phosphoryl-L132 cells through this dose range (Table III) . Colony survival ate other cellular proteins such as p53 at the site of a stalled following HS treatment decreased with duration of exposure polymerase (37) . A similar kinase activity is stimulated by HS in all cell lines to a similar extent (Table III) . MDAH087mut (38) which is consistent with a possible involvement of MO15 and MDAH041mut cells do not appear more sensitive to HS in the cellular response to HS. Cellular responses to UV and than L132 cells through the HS treatments that elicit HSER HS may share common signalling pathways. In this way, β-gal activity in normal cells (6) . The absence of HSER and HS could confer cellular resistance against subsequent UV UVER in LFS cell lines does not appear to reflect an increased exposure (22) (23) (24) by stimulation of an inducible p53 dependent sensitivity to HS or UV treatments.
DNA repair response. Lifetime exposure to UV (39) and decreased NER (27, 28) , Discussion as assessed by HCR of a UV-irradiated reporter gene in peripheral lymphocytes, are risk factors in the development of HCR of the UV-irradiated reporter gene varied among several normal fibroblast strains (Table I) . Similarly, HCR of a UVnonmelanoma skin cancers. Mutations in p53 are common in both basal cell carcinoma (40) and squamous cell carcinomas irradiated chloramphenicol acetyl transferase reporter gene was found to vary among cultured peripheral lymphocytes (41, 42) . Since p53 mutations have been detected in sun exposed skin adjacent to basal cell carcinomas (43) and transgenic from different donors (27, 28) . These results indicate that there is heterogeneity in the ability of cells from different individuals mice expressing mutant p53 are predisposed to squamous cell carcinomas (44) , deficiencies in p53 may facilitate skin cancer to repair UV induced DNA damage. We were unable to detect a difference between HCR of β-gal activity in untreated development. 
